Purpose: To our knowledge the reasons for the high rates of prostate cancer in black American men are unknown. Genetic and lifestyle factors have been implicated. Better understanding of prostate cancer rates in West African men would help clarify why black American men have such high rates since the groups share genetic ancestry and yet have different lifestyles and screening practices. To estimate the prostate cancer burden in West African men we performed a population based screening study with biopsy confirmation in Ghana. Materials and Methods: We randomly selected 1,037 healthy men 50 to 74 years old from Accra, Ghana for prostate cancer screening with prostate specific antigen testing and digital rectal examination. Men with a positive screen result (positive digital rectal examination or prostate specific antigen greater than 2.5 ng/ml) underwent transrectal ultrasound guided biopsies. Results: Of the 1,037 men 154 (14.9%) had a positive digital rectal examination and 272 (26.2%) had prostate specific antigen greater than 2.5 ng/ml, including 166 with prostate specific antigen greater than 4.0 ng/ml. A total of 352 men (33.9%) had a positive screen by prostate specific antigen or digital rectal examination and 307 (87%) underwent biopsy. Of these men 73 were confirmed to have prostate cancer, yielding a 7.0% screen detected prostate cancer prevalence (65 patients), including 5.8% with prostate specific antigen greater than 4.0 ng/ml. Conclusions: In this relatively unscreened population in Africa the screen detected prostate cancer prevalence is high, suggesting a possible role of genetics in prostate cancer etiology and the disparity in prostate cancer risk between black and white American men. Further studies are needed to confirm the high prostate cancer burden in African men and the role of genetics in prostate cancer etiology.
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PROSTATE cancer is the most commonly diagnosed nonmelanoma cancer in men in most Western countries. 1 Despite the high morbidity and mortality of prostate cancer (it is the second leading cause of cancer death in men in the United States) until recently the only established risk factors were advancing age, race and a family history of prostate cancer. 1 Of the well established risk factors race is the most dramatic with incidence and mortality rates in black American men almost twice those of white American men and 5 times higher than those of Asian men living in Asia. 2, 3 Genetics, environmental and lifestyle factors have been implicated to explain the large racial difference in prostate cancer risk, including differences in 5a-reductase activity in the prostate. 4, 5 More recently genome-wide association studies implicated several areas of the genome as risk factors.
6e12 It is currently unclear how much of the racial difference in prostate cancer risk can be attributable to these risk loci.
Reports of population based incidence rate of prostate cancer in African men are limited because there are few population based cancer registries in this continent. 13 Using the limited reported incidence we recently observed that the age adjusted incidence of prostate cancer in Africa is increasing and the prostate cancer incidence varies widely on the continent. 14, 15 More comprehensive population based data on the prostate cancer burden in West Africa are needed for cancer prevention and control efforts.
Better understanding of prostate cancer rates in West African men would provide insight into prostate cancer etiology and reasons for the large racial disparity since West African and black American men share similar genetic ancestry. To help determine the burden of prostate cancer in West African men, we performed a population based prostate cancer screening with diagnostic and therapeutic followup in a probability sample of healthy men between ages 50 and 74 in Greater Accra, Ghana.
MATERIALS AND METHODS

Study Subjects
This study was approved by the NCI (National Cancer Institute) and University of Ghana institutional review boards. Details of this study population were described previously. 16, 17 Briefly, to enroll a population based probability sample of men from Accra for screening, we collaborated with the Ghana Census Bureau and used 2000 Ghana Population and Housing Census data to construct a sampling frame for enrolling about 1,000 men 50 to 74 years old in the Greater Accra Region (population about 3 million). Based on census data we used a 3-stage design to select probability samples. 1) The primary sampling unit was the enumeration unit, which is the smallest well-defined geographic unit in Greater Accra.
2) The secondary sampling unit was the household in the enumeration areas.
3) The ultimate sampling unit was men between ages 50 and 74 years who resided in the selected households.
We first selected 300 enumeration areas randomly with probability proportional to the number of households in each enumeration area. We estimated that we would need to sample 7,500 households to identify about 1,000 men eligible for study. Thus, we selected 25 households randomly from each enumeration area, resulting in 7,500 households from Greater Accra. Door-to-door visits were made to enumerate all members of the selected household and identify men eligible for study. We selected the oldest eligible man in each household as the potential study participant. Based on these mechanisms we identified 1,049 men who were eligible for study, of whom 3 were too ill to be screened and 9 refused to participate, yielding a 98.8% response.
Interview and Blood Collection
Consenting participants were brought to the Korle-Bu Hospital for an interview in person and a health examination. Trained interviewers used a structured questionnaire to elicit epidemiological information, including ethnicity, education, smoking, alcohol use, medical history, screening history, family history of cancer and medical care system utilization. Height, weight, and waist and hip circumferences were measured at the interview. Overnight fasting blood was collected from each participant before DRE. Collected blood was processed at a central laboratory in Korle-Bu Hospital within 4 hours of collection and stored at À70C.
Prostate Cancer Screening
We used DRE and serum PSA for prostate cancer screening in study participants between September 2004 and September 2006. DRE was performed by experienced Ghanaian urologists. Total PSA and fPSA were measured in duplicate at UCLA. Before January 2004 the Hybritech TandemÒ-R PSA and fPSA assays were used. Because these assays were not available after 2004, we changed to the AccessÒ 2 Hybritech PSA and fPSA assays. Parallel evaluation data between these 2 generations of assays were within 10%. Samples with PSA greater than 100 ng/ml were retested. The percent ratio of fPSA to total PSA was calculated using the formula, (fPSA/PSA) Â 100.
TRUS Guided Biopsy
Men with total PSA 2.5 ng/ml or greater and/or positive DRE were offered TRUS guided biopsy at Korle-Bu Hospital. TRUS was also used to estimate prostate volume. PSAD was calculated by the formula, PSA/prostate volume. At 24 hours before and 5 days after biopsy the men received ciprofloxacin (500 mg) or ZinnatÔ (cefuroxime 250 mg) twice daily to prevent infection. A short medical history was taken before biopsy to assess contraindications to the procedure. A total of 12, 17 to 19 mm biopsy cores were collected with 2 cores from each of 6 designated areas of the prostate. Any visible lesions were also taken. Each core was preserved in 10% formalin buffer solution for preparation of pathology slides.
Pathology Review
Diagnoses were made by a Ghanaian pathologist (YT) as the preliminary clinical decision. Hematoxylin and eosin stained biopsy sections (1 slide per biopsy core) were subsequently reviewed by Johns Hopkins University pathologists (AMDM and GJN) to confirm the diagnosis. Slides of patients identified as having benign prostatic hyperplasia by Ghanaian pathologists were also reviewed. Sections were examined for pathological features, including acute or chronic inflammation, basal cell hyperplasia, prostatic intraepithelial neoplasia, foci of glandular atypia and adenocarcinoma. Immunohistochemistry staining was done for high molecular weight cytokeratin in 2 cases to help establish the diagnosis. In each case a consensus diagnosis had to be reached by all 3 pathologists on all biopsies to render the final study diagnosis. Gleason scores were determined for each section with a diagnosis of carcinoma. When present, perineural invasion was noted. The Johns Hopkins University diagnosis was used as the gold standard and for analysis in this study.
Men confirmed to have prostate cancer or severe benign prostatic hyperplasia received treatment at KorleBu Hospital based on the standard clinical care protocol in Ghana. Posttreatment followup included PSA testing, physical examination, imaging and management. All patients with cancer will be followed for life.
Statistical Analysis
We used SUDAAN 18 to calculate age specific prevalence rates per 100 screened men by adjusting sampling weights according to the survey design. Age adjusted prevalence rates were calculated as a weighted average of age specific prevalence rates. Weights were the proportion of subjects in the corresponding age groups of the IARC (International Agency for Research on Cancer) world standard population. 19 Table 1 shows select characteristics of the 1,037 men in the study. The largest ethnic groups were Akan and Ga/Adangbe (72% combined). About 85% of the men were younger than 70 years, 77% had at least a middle school education, 66% had ever used alcohol and 43% had ever smoked cigarettes. Only 25 men (2.4%) reported ever having had a PSA test and 54 (5.2%) reported ever having had a DRE. Only 4.3% of the men had health insurance. Table 2 shows the results of screening and biopsy. Of the 1,037 screened men 154 (14.9%) had positive DRE and 272 (26.2%) had PSA 2.5 ng/ml or greater, including 166 with PSA 4.0 gm/ml or greater. A total of 352 men (33.9%) had a positive screen result by PSA (2.5 ng/ml or greater) or DRE and were recommended for biopsy, of whom 307 (87%) returned for biopsy. Reasons why the other 45 men did not return for biopsy included death (7), too ill (9), moved out of Accra (7) and refusal (22) . Of the 307 men who underwent biopsy 73 were confirmed to have prostate cancer, yielding a 7.0% screen detected prevalence of prostate cancer (6.6% after age adjustment to the world population). When PSA 4.0 ng/ml or greater was used as the cutoff for screening, the yield was 6.3% or 65 cases (age adjusted 5.8%). As expected, the prevalence of abnormal DRE or PSA increased with advancing age, as did the prevalence of screen detected prostate cancer. In men older than 70 years the prevalence reached 17%. Table 3 shows the clinical characteristics of the 65 confirmed prostate cancer cases (PSA greater than 4.0 ng/ml or positive DRE). Of these men 61.5% had positive DRE at screening. PSA in cases ranged from 0.66 to 8,423 ng/ml (mean 202.6, median 12.1). In 60% of cases clinical stage was T2 or greater and in 65% Gleason score was 7 or greater. The prevalence of basal hyperplasia, acute inflammation, chronic inflammation and high grade prostatic intraepithelial neoplasia was 6.8%, 17.8%, 60.3% and 15.1%, respectively. Table 4 shows mean prostate volume and PSAD by 3 levels of PSA in the 236 men who underwent prostate biopsy based on the screening criteria of PSA 4.0 ng/ml or greater and/or positive DRE. Men with higher PSA had a higher mean prostate volume and PSAD. Of men with PSA greater than 10 ng/ml mean PSAD was much higher in those with than without cancer. 
RESULTS
DISCUSSION
In this population based study of more than 1,000 Ghanaian men randomly selected from Accra we found that the age adjusted, screen detected prevalence of prostate cancer was 6.6% using a PSA cutoff of 2.5 ng/ml and 5.8% using a 4.0 ng/ml cutoff. In the 65 confirmed cases with PSA 4.0 ng/ml or greater the mean PSA level was 202 ng/ml and greater than 60% of the cases showed clinically significant high grade tumors (clinical stage T2 or greater and Gleason 7 or greater). The findings further support the conclusion that these men were from a relatively unscreened population.
With the widespread use of PSA screening in the United States it is difficult to find data on black American men without a history of prostate cancer screening for comparison. Therefore, we compared our findings to data from several studies (see figure) . Studies of black men, including populations in South Carolina and Michigan, showed an age adjusted screen detected prevalence of between 2.2% and 3.3%. 20e23 In a study of a slightly older population in Missouri the reported prevalence was 5.4%. 24 The prevalence observed in Ghanaian men was higher than in white American men of all age groups. 25 Several strengths of the current study lend credibility to this attempt to estimate the true population prevalence of prostate cancer in Ghanaian men. These strengths include the probability sample of the population, the high participation rate in all study components, and the high quality PSA testing and pathology review. However, several factors have a substantial impact on prostate cancer detection and, thus, on the prevalence and reported incidence of prostate cancer. Most notably a history of PSA testing has the most profound impact on the reported prostate cancer prevalence. Of studies mentioning a history of prior testing the one with the lowest screen detected prostate cancer prevalence in black American men (2%) showed a relatively high prevalence of such a history (24%) (see figure) . 20 The low prevalence of screen identified cancer in this population in the United States results from the fact that some cancers in the population may have been identified by prior screening.
In Ghana the lack of screening is likely to explain much of the observation of a higher screen detected prevalence since PSA screening is uncommon in this country (2.4% in our study). Access to medical care also has an important role in cancer disparity among populations. To minimize the impact of unequal access to care we used a population based screening approach that provided equal medical care to all study participants. However, if screening or access to medical care in African men were similar to that in black or white American men, we would have seen a higher reported incidence than what was previously reported, including in an IARC monograph. 14, 15 The number of biopsies and the anatomical locations from which biopsies are taken also impact the prostate cancer detection rate since the more thorough the prostate examination, the higher the probability of detecting prostate cancer. 26 To minimize this impact we used procedures similar to those used in the United States, that is TRUS guided biopsy from 6 areas of the prostate. Notably detecting the true prostate cancer prevalence in the population requires collecting the whole prostate as well as serial step sections of the prostate, which are usually only performed in autopsy studies and are not feasible in studies such as ours.
Although direct comparison of rates between populations is challenging due to the mentioned factors in our study, it is evident that prostate cancer is a much more common disease in West Africa than implied by reported registry incidence data 14, 15 and likely at a level quite comparable to that in black American men. In the last few years prostate cancer has become one of the more common cancers in men in Africa based on clinical data. It is likely that prostate cancer incidence rates in Africa are increasing and will be much higher if the level of medical care, prostate cancer screening and westernization is similar to that in Western countries.
Because West African and black American men 1) are at high risk for prostate cancer, 2) have different lifestyle factors and 3) share a similar genetic ancestry, 27 our findings support the hypothesis that genetics may have an important role in prostate cancer etiology and in the disparity in prostate cancer risk between black and white American men. This is also consistent with the observation that a family history of prostate cancer is an important risk factor. Perhaps most notable in this regard is the exceptionally high heritability estimate for prostate cancer in studies of twins in which men who were twins of patients with prostate cancer were at 45% greater risk for prostate cancer than for any other common tumor. 28 More recently genome-wide association studies identified more than 75 genomic locations containing common polymorphisms associated with prostate cancer risk.
6e12 Notably a number of these newly identified genetic variants are more common in black than in white American men and several were first identified in an underpowered scan in black men. 29 Currently to our knowledge the degree to which these genetic variants contribute to prostate cancer in African men and the amount of disease for which they may be responsible in African and black American men are unknown and warrant further research.
CONCLUSIONS
Our population based screening study shows that the prostate cancer prevalence is relatively high in Screening detected prevalence of prostate cancer in white American men 50 years old or older, 25 black American men 40 to 79 years old in 4 studies 20e23 and 1,037 men 50 to 74 years old in Ghana. Screening criteria for all studies were PSA 4.0 ng/ml or greater and/or positive DRE.
West African men and likely comparable to that in black American men, suggesting a role of genetics in prostate cancer etiology and the disparity in prostate cancer risk between black and white American men. Future studies in West African and black men incorporating genetic and lifestyle data are needed to clarify further the role of these factors and their interplay in prostate cancer risk.
comparisons to the population of the United States are limited due to the higher incidence of PSA screening at baseline, which affects disease prevalence and stage at diagnosis. In addition, complex socioeconomic issues underlie the epidemiology and screening of prostate cancer in black American men as well as genetic admixture in the United States that may further confound comparison. 2 Regardless, their findings suggest that prostate cancer in West African men may be more common than previously thought (references 14 and 15 in article).
With respect to the current PSA screening controversy in the United States this study also causes one to wonder whether we would see similar disease patterns if we eliminated screening in black men and how that would affect disease specific mortality. Further data on this study population describing prostate cancer survival outcomes and genetic pathways would be interesting and may be relevant to populations comprising men of West African ancestry, who bear a high burden of prostate cancer.
